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BURNER AND METHOD FOR OPERATING A GAS TURBINE 

CROSS REFERENCE TO RELATED APPLICATION 
[OOOl] This application is the US National Stage of International Application No. 
PCT/EP2004/008 115, filed July 20, 2004 and claims the benefit thereof. The 
International Application claims the benefits of European Patent application No. 
03018408.9 EP filed August 13, 2003, both of the applications are incorporated by 
reference herein in their entirety. 

FIELD OF THE INVENTION 
[0002] The invention relates to a burner having an annular premixing channel, into 
which fuel can be introduced in a radially distributed manner. The invention also relates 
to a method for operating a gas turbine with a burner having an annular premixing 
channel. 

BACKGROUND OF THE INVENTION 
[0003] Combustion air and fuel are combined at a burner, mixed and ignited there 
and burned in a flame. It is generally very important to minimize the emission of 
pollutants, such as carbon monoxide and nitrogen oxide. Combustion with low levels of 
nitrogen oxide can be achieved in particular with so-called premix combustion, in which 
fuel and combustion air are first mixed as homogenously as possible, before being fed to 
the combustion zone. Such a premix burner is disclosed in WO 02/095293 Al. This 
burner has an annular premixing channel around a central diffusion burner. Helical 
blades are disposed in the premixing channel in a helical grid running across the entire 
cross-section of the premixing channel significantly upstream from the combustion zone. 
Such a helical grid serves to stabilize the flame. The helical blades of the disclosed 
helical grid are configured in a hollow manner, with holes extending in a radial direction 
with helical blades on the surface of the helical blades. Fuel is admitted into the 
premixing channel from these holes, having been previously fed to the hollow helical 
blades. This achieves a uniform admission of fuel into the combustion air flowing 
through the premixing channel over the radial height of the premixing channel. At the 
same time the admission of fuel from all the helical blades achieves a uniform 
distribution of fuel in the peripheral direction of the premixing channel. This results in a 
high level of homogeneity of the combustion air/fiiel mixture then flowing into the 
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combustion zone. Such homogeneity is desirable for low nitrogen oxide emissions, as 
the formation of nitrogen oxide increases exponentially with the flame temperature. A 
homogenous mixture prevents local peak temperatures, as energy is released in a 
uniform manner in the mixture. This reduces the formation of nitrogen oxide. Also 
comparatively little fuel is burned in the combustion air during premix combustion. This 
so-called lean premix combustion however tends to produce combustion instabilities, i.e. 
the energy released by the flame fluctuates or the flame can even be extinguished. The 
central diffusion burner, at which fuel and combustion air are mixed in the flame, serves 
to stabilize this premix combustion. To achieve further stabilization of the flame stability 
of the premix flame, it is proposed that flow-blocking elements be provided from the 
outer edge of the annular premixing channel, to delay the flow of combustion air at 
certain local points. This results in these zones in an enrichment of the combustion 
air/fuel mixture with fuel, thus giving rise to local hot strands in the combustion zone, 
which stabilize premix combustion. This static concept cannot however take into account 
conditions that change as a function of operation. 

SUMMARY OF THE INVENTION 
[0004] The object of the invention is to specify a burner with an annular premixing 
channel, the combustion stability of which can be adjusted as a function of prevailing 
operating conditions. 

[0005] A further object of the invention is to specify a method for operating a gas 
turbine, with which a burner is adjusted as a function of the operating state of the gas 
turbine, such that the highest possible level of flame stability and the lowest possible 
pollutant emissions result. 

[0006] The object relating to a burner is achieved according to the invention by a 
burner oriented along one axis with an annular premixing channel, into which fuel can be 
introduced in a radially distributed manner, with the radial distribution of the fuel being 
adjustable during operation of the burner. 

[0007] The radial distribution of the fuel is the distribution of the fuel along a line 
perpendicular to the axis of the burner. It is proposed firstly with the invention that the 
radial distribution of the fuel be configured such that it can be adjusted, so that it is 
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possible to respond to different operating conditions. To date only static fuel distribution 
has been achieved by means of the geometry and positions of admission of the fuel and 
combustion air. In contrast the invention is based on the knowledge that pollutant 
emissions and combustion stability can be influenced favorably by a modified radial 
distribution of the fuel in different operating conditions. For example during full-load 
operation every effort is generally made to distribute the fuel as homogenously as 
possible in the combustion air, to minimize nitrogen oxide emissions. This requires a 
radial distribution of fuel on admission, which is greater radially outside than inside to 
supply a larger air mass flow radially outside than radially inside in the annular 
premixing channel. To achieve uniform fuel concentration over the cross-section of the 
premixing channel, fuel admission must be greater radially outside than radially inside. 
In contrast in partial-load operation local enrichment of the fuel/air mixture with fuel can 
reduce carbon monoxide emissions in comparatively cold zones. Therefore during 
partial-load operation a radial distribution of fuel on admission is favorable, whereby 
more fuel is admitted radially inside than radially outside. The radial combustion profile 
also influences combustion oscillations. Such combustion oscillations result with flame 
instabilities, which cause pressure fluctuations in a combustion chamber, into which the 
burner opens. Back-reflection of these pressure fluctuations from the combustion 
chamber walls into the flame area or into the mixing area for fuel and combustion air 
with in-phase superimposition can result in a positive feeding back of flame instability 
and pressure fluctuations, allowing a stable combustion oscillation to be established. 
This results in a high level of noise emissions and oscillation in the combustion system, 
which can cause damage. A modification of the distribution profile of fuel admission can 
interrupt this positive feedback, thereby suppressing the combustion oscillation. 

[0008] Admission devices are preferably provided in the burner over the periphery of 
the premixing channel, for the radial admission of fuel at the respective peripheral 
position by means of admission holes with a respective hole cross-section disposed in the 
radial direction, with the cross-sections of the holes of a first set of the admission devices 
increasing toward the axis and the cross-sections of a second set of the admission 
devices decreasing. Such a configuration allows the required radial distribution of fuel 
admission to be adjusted as a function of fuel admission on the one hand from the first 
set of admission devices and on the other hand from the second set of admission devices 
by means of the opposing variation in the cross-sections of the holes. 
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[0009] The admission devices of the first set and the second set are preferably 
disposed in an alternating manner along the periphery of the premixing channel. The 
admission devices of the first and second sets are therefore disposed in an alternating 
manner next to each other, distributed over the periphery. 

[0010] The admission devices of the first set and second set preferably follow each 
other in succession in the axial direction of the premixing channel. In this configuration 
fuel is admitted first for example from the admission devices of the first set into the 
premixing channel and then fuel is admitted in the direction of flow from the admission 
devices of the second set. As a result fuel can be admitted in a uniformly distributed 
manner with the periphery of the premixing channel in particular both from the 
admission devices of the first set and also from the admission devices of the second set. 
Superimposition of fuel admission from the two sets of admission devices produces the 
required radial distribution for fuel admission as a whole. 

[0011] A first and a second fuel supply line running around the axis of the burner is 
preferably provided, with the difference between the fuel pressures in the two fuel 
supply lines being able to be adjusted in respect of each other as a function of the 
operating state of the burner. The first set of admission devices is also preferably 
connected to the first fuel supply line and the second set of admission devices to the 
second fuel supply line. This configuration makes it possible in a simple manner to 
adjust fuel admission from the first set and second set of admission devices 
independently as required. To this end the pressure necessary for the required 
distribution is adjusted respectively in the first or second fuel supply line. Depending on 
the pressure difference therefore different quantities of fuel are admitted via the first or 
second admission device, such that fuel admission as a whole is adjusted to correspond 
to the required distribution. 

[0012] The admission devices are preferably small tubes projecting radially into the 
premixing channel, to the inside of which fuel is supplied. The fuel is then admitted into 
the premixing channel from these small tubes out of the admission holes. 
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[0013] The admission devices are preferably helical blades projecting radially into 
the premixing channel, to the inside of which fuel is supplied. In this instance the 
admission holes are disposed on the surface of the helical blades, preferably in proximity 
to a front edge of the blade. The helical blades therefore have a double function of 
providing the twist required to stabilize combustion and at the same time operating as an 
admission device for the fuel. 

[0014] The first set of admission devices is preferably made up of small tubes 
projecting radially into the premixing channel and the second set of admission devices is 
preferably made up of helical blades projecting into the premixing channel. Both the first 
set and the second set of admission devices can thereby be disposed upstream of the 
respective other set in the premixing channel. It is favorable that the small tubes should 
be disposed upstream of the helical blades, resulting in more thorough mixing of fuel and 
combustion air as they pass through the helical grid. For greater protection against 
flashback it may however be more favorable for the small tubes to be disposed 
downstream of the helical blades. 

[0015] The burner is preferably a gas turbine burner, in particular for a stationary gas 
turbine with an output greater than 50 MW. A gas turbine has a compressor, where the 
air is highly compressed and fed to the burner. The burner opens into a gas turbine 
combustion chamber, in which the burner flame is enclosed. The hot waste gas generated 
in the combustion chamber then flows into a turbine section, in which hot gas flows 
around the turbine blades. Blades disposed on a turbine shaft are driven by the hot gas to 
rotate the turbine shaft. In the case of large stationary gas turbines in particular there are 
strict requirements relating to low pollutant emissions and a reduced tendency to produce - 
combustion oscillations. 

[0016] The burner preferably has a central diffusion burner enclosed by the 
premixing channel. 

[0017] The object relating to a method is achieved according to the invention by 
specifying a method for operating a gas turbine with a burner for burning a fuel in air, 
said burner having an annular premixing channel, into which the fuel is introduced in a 
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radially distributed manner, with the radial distribution being adjusted as a function of 
the operating state of the gas turbine. 

[0018] The advantages of this method result according to the above statements 
relating to the advantages of the burner. 

[0019] During partial-load operation of the gas turbine the radial distribution is 
preferably adjusted such that a range of a local maximum is established in the radial 
distribution of the fuel concentration in the fuel/air mixture. 

[0020] During full-load operation of the gas turbine the radial distribution is 
preferably adjusted such that a homogenous concentration of fuel and air results in the 
mixture. 



[0021] If a combustion oscillation occurs with an amplitude that exceeds a 
predefined limit value, the radial distribution is preferably modified. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] The invention is described in more detail below with reference to an example 
based on the drawings, which are schematic and not to scale, in which: 

Figure 1 shows a gas turbine, 

Figure 2 shows a premix burner according to the prior art, 

Figure 3 shows a longitudinal section through a premixing channel of a premix 

burner according to the prior art, 

Figures 4,5 show a segment of a longitudinal section through a premixing 
channel, 

Figures 6,7 show a longitudinal section through a premixing channel, 

Figure 8 shows a segment of a cross-section through a premixing channel, 

[0023] Figure 9 shows a segment of a longitudinal section through a 

premixing channel. 
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[0024] The same reference characters have the same significance in the various 
figures. 

[0025] Figure 1 shows a gas turbine 1. The gas turbine 1 has a compressor 3 and a 
turbine section 7 disposed on a common turbine shaft 8. An annular combustion chamber 
5 is connected between the compressor 3 and the turbine section 7. A set of premix 
burners 9 distributed around the periphery opens into the annular combustion chamber 5. 
Air 1 1 is supplied in a highly compressed manner to the premix burners 9 from the 
compressor 3. Fuel 13 is also fed to the premix burner 9. Air 1 1 and fuel 13 are mixed 
and introduced via the premix burner 9 into the combustion chamber 5, where they are 
burned to form a hot gas 15. 

[0026] Figure 2 shows a premix burner 9. This is oriented along an axis 10. The 
premix burner 9 has an annular premixing channel 2 1 . The premixing channel 2 1 
surrounds a central diffusion burner 23. The premixing channel 21 has an annular central 
surface 22, which in cross-section forms an angle with the burner axis 10. The premixing 
channel 21 has a radially outside outer surface 18 and a radially inside inner surface 20. 
An annular helical grid 25 made up of individual helical blades 26 extends in a radial 
direction over the entire cross-section of the premixing channel 21, i.e. perpendicular to 
the central surface 22 of the premixing channel 21. Fuel admission tubes 27 project out 
in a radial direction from the diffusion burner 23 into the premixing channel 21. The fiiel 
admission tubes 27 are configured as hollow and have admission holes 29. 

[0027] In the case of the burner according to the prior art in Figure 2, air 1 1 is guided 
through the premixing channel 21 . The air 1 1 flows past the fuel admission tubes 27. 
Fuel 13 is fed inside the fuel admission tubes 27, passing out of the admission holes 29 
into the air 1 1. The air 1 1 is twisted by means of the helical blades 26 in the helical grid 
25, which serves to stabilize combustion. The helical blades 26 are configured such that 
fuel 13 can also be supplied to them. Fuel 13 is also admitted into the air 1 1 in the 
premixing channel 21 via admission holes (not shown in more detail) on the surface of 
the helical blades 26. Fuel 13 and air 1 1 are mixed in the premixing channel 21 to form a 
fuel/air mixture 28, which exits from the premix burner 9 and is burned there in a 
combustion zone. If premix combustion is lean, i.e. if there is relatively little fuel 13 in 
the air 1 1, such premix combustion tends to result in instabilities in the flame, i.e. there 
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are fluctuations in the flame or the flame is even extinguished. The central diffusion 
burner 21, to which air 1 1 and fuel 13 are also supplied, is frequently used to stabilize 
such combustion. These are essentially mixed together first in the combustion zone, with 
a richer mixture being selected. Premix combustion can be stabilized using the flame of 
the diffusion burner 23. In the case of the premix burner 9 shown in Figure 2, fuel 13 is 
introduced into the premixing channel 21 in a permanently and statically distributed 
manner. 

[0028] Figure 3 shows a segment of a longitudinal section through a premixing 
channel according to the prior art. It shows a section through a helical blade 26 of the 
helical grid 25. An annular fuel supply line 41 is disposed [lacuna] from an annular 
radially inside [lacuna] i.e. in the area of the inner surface 20 of the premixing channel 
21. Fuel 13 is fed from this annular fuel supply line 41 to the helical blades 26. The 
helical blades 26 all have the same arrangement and the same hole cross-section at their 
admission holes 29. 

[0029] Figure 4 shows a segment of a longitudinal section through the premixing 
channel 21 in an arrangement that is different from the one in Figure 3, which becomes 
clear in conjunction with Figure 5. Figure 4 and Figure 5 each show a section through 
two adjacent heiical blades 26, i.e. Figure 4 shows a first helical blade 26 and Figure 5 
shows a helical blade 26 adjacent thereto. In the case of the helical blade 26 in Figure 4, 
the hole cross-sections of the admission holes 29 vary, the hole cross-sections toward the 
inner surface 20 of the premixing channel 21, i.e. toward the axis 10 (not shown here), 
being larger. In contrast the hole cross-sections of the admission holes 29 of the helical 
blades 26 shown in Figure 5 are smaller in the same direction. Thus the hole cross- 
sections of the admission holes 29 vary in the opposing direction for two respectively 
adjacent helical blades 26 of the helical grid, i.e. a blade 26 with admission holes 29 that 
increase in size toward the axis 10 is followed respectively by a helical blade 26 with 
admission holes 29, the hole cross-sections of which decrease toward the axis 10. The 
helical blades 26 in Figure 4 thereby form a first set 3 1 of admission devices for the 
admission of fuel 13 into the premixing channel 21. The helical blades 26 in Figure 5 
form a second set 33 of admission devices for the admission of fuel 13 into the 
premixing channel 21. 
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[0030] Figures 6 and 7 show how the admission devices 3 1, 33 are supplied with fuel 
13. The first set 31 of admission devices is supplied from an annular fuel supply line 43, 
which is disposed between the diffusion burner 23 and the premixing channel 21 . The 
second set 33 is supplied with fuel 13 by a second, independent annular fuel supply line 
45. The second annular fuel supply line 45 is disposed immediately adjacent to the first 
fuel supply line 43. 

[0031] With the configuration thus introduced it is now possible for the first time to 
modify the radial distribution of fuel in the premixing channel 21 during operation of the 
burner. This is achieved by varying the supply of fuel to the admission devices 31,33 via 
the fuel supply lines 43, 45. The opposing variation in the hole cross-sections in the 
admission devices 3 1, 33 makes it possible to set almost any required radial distribution 
of fuel 13 in the premixing channel 21. For example during partial-load operation more 
fuel can be supplied to the first set 3 1 of admission devices, resulting in fuel enrichment 
toward the inner surface 20 of the premixing channel 21 due to the fact that the hole 
cross-sections of the admission holes 28 increase toward the axis 10. This favorably 
allows a reduction in carbon monoxide production to be achieved by means of local 
enrichment. In contrast during full-load operation for example more fuel can be supplied 
to the second set of admission devices, resulting in a more homogenous distribution of 
fuel 13 in the premixing channel 21. The admission holes 29, which increase toward the 
outer surface 18 of the premixing channel 21, take into account a mass flow of air 1 1 in 
the radially outside section toward the outer surface 18 in the premixing channel 21, such 
that these increasing hole cross-sections are used to adjust the radial distribution of fuel 
13 in the premixing channel 21, resulting in the most homogenous mixture possible of 
fuel 13 and air 1 1. The radial distribution of the fuel 13 could also be modified, if a 
combustion oscillation that exceeds a specified limit amplitude occurs in the combustion 
chamber 5. Such combustion oscillations can result from flame instabilities and the 
feeding back of pressure fluctuations and close fluctuations in the fuel/air mixture. By 
varying the radial distribution of the fuel 13 in the air 1 1 it is possible to interrupt this 
feedback mechanism, thereby suppressing the combustion oscillations. 

[0032] Figure 8 once again shows a segment of a cross-section through the 
premixing channel 21 to illustrate the alternating arrangement of the first set 31 of 
admission devices and the second set 33 of admission devices, configured respectively as 
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helical blades 26 in the helical grid 25. It shows the opposing variation in the hole cross- 
sections of the admission holes 29 in the radial direction. 

[0033] Figure 9 shows a further possible configuration of the arrangement of the first 
set 31 and second set 33 of admission devices. A segment through a longitudinal section 
through the premixing channel 21 shows the first set 31 and second set 33 of admission 
devices disposed one behind the other in the direction of flow of the air 1 1 . The first set 
31 is hereby made up of small tubes, which project into the premixing channel 21. The 
second set 33 is made up of helical blades 26. The hole cross-sections of the admission 
holes 29 again vary in an opposing manner, i.e. the admission holes 29 of the first set 31 
of admission devices increase toward the axis 10 or toward the inner surface 20, while 
the hole cross-sections of the admission holes 29 of the second set 33 of admission 
devices reduce toward the axis 10. This axial graduation of the first set 31 and second set 
33 of admission devices allows fuel 13 to be introduced very uniformly in the premixing 
channel 21 even in the peripheral direction. 
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